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1.0 INTRODUCTION

This document is the user guide for Sequence Feature Variant Type (SFVT) vector file
generation and HLA Quality Control (HLA QC) pipeline using the tool PyPop. Section 2
describes the use of the ImmPort’s MHC SFVT analysis and the HLA QC pipeline. Section 3
provides the details on vector file generation process. Section 4 provides details on the HLA QC
pipeline

The sequence feature variant type approach is anovel method to annotate HLA allele
types and for the analysis of HLA typing data. In this approach, for each classical HLA locus,
several sequence features are defined based on structural (e.g. beta-sheet 1, alpha-helix 1, etc),
functional (e.g. peptide antigen binding, CD4 receptor binding, etc) and sequence altering
(insertions, deletions, single amino acid variations) information. These sequence features are
defined by amino acid positions with reference to the mature protein sequence of areference
allele for alocus. The sequence features can be overlapping and continuous or discontinuous in
the linear sequence. The extent of sequence variation among HLA alleles was then assessed for
each HLA sequence feature to define al variant types (VT) found in the human population.
Thus, an HLA allele can be annotated with the sequence feature variant types (SFVTs) of the
different sequence features defined for the locus. The following are the benefits of this approach:

i Theintricate relationships among the alleles of the highly polymorphic HLA genes
can be studied through the variety of sequence feature variant types shared by alleles

ii. From aclinical study, the4 digit HLA allele types for individuals can be annotated
with the sequence feature variant types. This alows calculating the frequencies of the
SFVTs and subsequently, in performing an association analysis to determine, with
higher statistical power, the molecular determinants associated with a disease or any
other clinical phenotypes. Thus, by this approach, parts of the HLA allele molecule
associated with the disease can be determined and a so elucidate the alleles that share
aparticular significantly associated motif sequence.

TheMHC SFVT Analysis Tool takes HLA typing data and converts the identified HLA
alelesinto their component SFVTs. For example, for HLA-DRB1* 0701, amino acid motif
sequence defined at the “beta-strand 2_peptide antigen binding pocket 4” sequence feature
(Hsa_ HLA-DRB1_SF155 defined by positions 26, 28) of the proteinis‘FE’ (Hsa HLA-

DRB1 SF155 VT2i.e second variant type of al variant types found at this sequence feature for
the DRB1 locus). Thus, the DRB1*0701 alleleis annotated with “Hsa HLA-

DRB1 SF155 VT2 for the SF155. Similarly, the variant types for rest of the 181 sequence
features of HLA-DRB1 locus are determined and annotated for HLA-DRB1*0701.

2.0 SFVT VECTOR GENERATION AND HLA QC usING PYPoP

Through this tool one can take HLA Typing data and generate sequence feature variant
types for each allele of the classical loci in the dataset or run the HLA QC pipeline. The set of
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sequence feature variant types for an alleleisreferred to as the SFVT vector. There are three
main stepsto follow to effectively usethistool. They areillustrated below in figure 1.

Provide the Select the action to be Download
input data performed results

Figure 1 Schematic of the stepsin using the SFVT vector generation tool
2.1 INPUT DATA SOURCES

Theinput HLA typing data can be provided to the ImmPort system through various data
sources. Currently, the tool supports provision of the data through three types of actions:

a Uploading HLA typing file
b) Creating HLA typing file from subjects’ data stored in ImmPort
c) Selecting HLA typing file stored in ImmPort

2.1.1 Uploading HLA typing file

Thisoption allowsthe user to upload the HLA typing results from the local machine.
Thisfile can be retrieved later for re-use by following the workflow described in 2.1.3. This
Section describes the steps involved in providing the uploaded HLA typing file for further
processing.

Select the “Upload HLA Typing Data File” option as shown in figure 2A and proceed to
the next step. Select the project (see figure 2B) to which the uploaded input file and the
generated resultswill be stored.

It is necessary to make sure the typing results uploaded are presented ina format
acceptable by the tool. The user can either download the HLA typing results template
“HLA_Typing.xIs’ from the upload page (see figure 2B) and fill it with the HLA typing results
or edit one’ sinput file to reflect the format shown inthe “HLA_Typing.xIs” (see Appendix A.
for the supported formats). The uploaded file can be given a custom file name and be uploaded
either as an Excel 2003 file or atab-delimited text file.

August 17, 2009 5 Version 1.0
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Analysis / MHC Validation and SFVT Analysis / Home - Beta Retlease ‘@

Home | Upload Data | Create Data Set | Analyze Data Set | SFVT Analysis | Analysis Results | User Guide | Ambiguity Reduction Slides /Logic

MHC SPVT Analysis (Sequence Feature Variant Type Analysis), is a tool to generate the sequence feature variant type vector for one or more subjects across any of
the classical HLA loci.

Select data source:

(® Upload a HLA Typing File From Your Computer

(O Create a HLA Data Set From ImmPort Data

(O Re-analyze a HLA Data Set Previously Created in ImmPort
O Run SFVT Analysis

Figure 2A Select the data source

MHC SFVT Analysis @

Beta Helease

T i
T G 1t
JLE2Y Ty

i

I_Preuious] I_ Mext ] [Cancel]

Fields rmarked with an asterisk * are required,

Select the action

&) validate File Content
) Generate SFWT Vectar Files as well
@) Fun HLA QC Pipeline { Pypop Timings )
Please note that the HLA QC Pipeline may take some time to complete,
A project is required o use MHC SFI/T Analysis tool, Please see the User Guide or contact the help desl for move information.

select project to store
input and generated | TESTING: Bininforrnatics Integration Suj !
vector files:’ T T

MEHC SFYT Analirsis reguires 3 "Ext™ (tab-separated text fie) or 3 “xls" (Excel fie) HLA Typing data file, See User Guide for detalis,

HLA Data File (.tat or |[ e ] Download an example HLA Typing Data
HIs)* File {.txt) containing instructive errors

Download an example HLA Typing Data
File (Excel .xIs) containing instructive
Errors

Download the HLA Typing Data File
Template (Excel .xls)

Dataset Name® | |

Dataset Descriptor | |

NOTE: Clicking "Wext" will upload the above file into the private project workspace of your chosen project and generate
the vector files.

[ Preuious] I_ Mest ] I_Cancel]

August 17, 2009 6 Version 1.0
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Analysis / MHC Validation and SFVT Analysis / Upload File - seta release '@

Home | Upload Data | Create Data Set | Analyze Data Set | SFVT Analysis | Analysis Resuls | User Guide | Ambiguity Reduction Slides / Logic

ICTETTEEITIN — osty kit ot

The current IMIT/HLA Release 5 IMOT/HLA Release 3.00 (2010-04-01)
ine actions below accept both IMGT/HLA version 2. or version 3. allele formats and NMOP version Z and 3 NMDP-code formats.

Fields marked with an asterisk * are required.

Select the action *

® Validate alleles

Walidation uses the ANTT Tool to validate conformance to WGT/HLA version 2 8 3 nomenciature format and G- and P-Codes
Aso, validation converts the input file into IMGT/HLA version 3.* format since all options operate on that format,

Validate and Generate SFVT Vector Files

() Validate and Reduce allele ambiguity
This tool was designed by Steven J. Mack et. al, and was developed with his invaluable co-operation.

The input requires the column Population Area’ that specifies the population area ( @ ) associated with each row of data,

O Fun Pypop HLA QC Pipeline
This pipeline validates the input file first and then runs Pypop. Please check out the Pypop Timings' ( )

Select the IMGT/HLA Output Version *

(5) Generated files will be formated in IMGT/HLA version 3.* format
Al the options above operate on IMGT/MLA verston 3.* format and output all files in that format

O Generated files will be formated in IMGT/HLA version 2.* format except for IMGT /HLA G- and P.codes
Convarsion from IWMGT/HLA version 3.* to version 2.* format uses the ANTT Tool,

P The MHC Validation and SFVT Analysis tool requires a project: “workspace”
Pt also requires a " txd” (tab-separated texa file) or a “.ds™ (2003 Excel file) HLA Typing File.
b Please see the User Guide or contact the help detk for more information.

Select a project to store input 0 revised example packages v
and generated files *

HLA Typing File (txd or xds) * | [ Browse... |

Wi HLA Typi F 1 in

tructi rror;
he HLA Typi ta File Templat s
Dataset Mame *
Dataset Descriptor

NOTE: Clicking "Next” will upload the abowe file into the private project workspace of your chosen project, execute the action, and generate files.

Figure2B HLA typing results upload
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Asshown in figure 2B it is optional to provide description of the uploaded dataset and the
submitted task. This helpsin identifying the results from the analysis history as shown in figure
6B.

2.1.2 Subject’s HLA typing data in ImmPort

This option allows one to create the input HLA typing file for the andysis tool from the
HLA typing data of the subjectsin ImmPort. The final created HLA typing file can be retrieved
later for re-use by following the workflow described in Section 2.1.3. This Section describes the
stepsinvolved in creating the HLA typing file for input to the analysis tool.

Select the “Create HLA Typing Data File” option from the “select data source” options as
shown in figure A and proceed to the next step.

a) Subjects can be selected from different projects or from pre-defined lists of subjects.
(Subjects|list can be created by first searching for subjects using advanced research data
search resource of ImmPort and then saving the selected subjects from each search to a
list.) To select the subjects whose typing datais to be analyzed, select the projects or
the subject lists that contain the subjects of interest. Then, click “Load from selected
project(s)” or “Load from selected list(s)” depending on the subject data sourceas
shown in figure 3A.

b) From thelist of subject records select the subjects whose typing dataisto be analyzed

and click the “ Submit” button.
c) Oncethe subjects are selected the loci typed for the selected subjects are shown in

figure 3C. Select the HLA locus whose typing datais to be analyzed.

August 17, 2009 8 Version 1.0
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Analysis / MHC Validation and SFVT Analysis / Create a HLA Data Set / Select Subjects - BetaRelease

Home | Upload Data | Create Data Set | Analyze Data Set | SFVT Analysis | Analysis Results | User Guide | Ambiguity Reduction Shides f Logic

SR TR T g e Splect HLA Loci === Display submitted request
|Pra!luus| ant| |Canwl|

Select Subjects and Experiment Samples from ImmPort projects or saved lists

The subject saved lists displayed in the table below contains at least one experiment sample that has "HLA typing results”.

You can save SUBJECT lists from the Research Data Advanced Search results. More details on how to make an ImmPort list are available.
The subjects displayed for MHC SFVT analysis have excluded the entries without parsed HLA typing results,

Please note that when the Select All option is chosen, the check boxes will not be marked and it is not possible to de-select records, You may use the Clear All
option and then select a portion of all the records.

Accessible Projects with HLA Typing Results Saved Subject List having HLA Typing Result
] ProjectiD = Project Title Project Type [ ListiD = List Name List Description Project ID
B3 TESTING: Bicinformatics integration Suy RP el [ 830 33783 62
B2 TESTING: Collaborative Projects ce . (<} 33784 25
1o CEU case subjects RP : E] o UAB AVA and ¢ study 1 AVA and study 2 CNT 243
Fi120 Testing GeneExp RP [ 1044 subs with hia re 266
¥ 151 Research Project for ImmPort Version : RP v

Subject and Experimental Sample Data Having HLA Typing Results

I 4 lpage 1ot | b M @ ldswventems | lsaveal | [Bepot | ©selectal | @ cearal Displaying 1 - 6 of 6
ij SubjectOrgAcchum ExpSampleAccNum «  Gender AffectionStatus  Race Ethnicity AffectionPhenotype OriginalProjTihe

E] sSUBTEa22 ES117860 Male Affected or Caze African American Non-Hispar Autoimmundy Research Project for ime
!:] SUB7e923 ES117861 Made Affected or Case Native Hawsain or Pacifh Native indie Autolmmuniy Reszearch Project for lme
a SUBTES24 ES117862 Female Unknown Biack Bflack Autoimmundy Research Project for bmt
7] sus7sazs ES117863 Female Unaffected or Cor White White Autolmmunty Research Project for mt
7] sus7eszs ES117864 Male Unaffected or Cot Vhite Non-Hispar Autoimmunty Research Project for Imt
[Tl sue7eszs ES117865 Female Unaffected or Con Morethan one Race  Bracisl  Autoimmunity Research Project for me

Figure3A Load the subjectsfrom Projectsor Subject Lists

August 17, 2009 9 Version 1.0



NORTHROP GRUMMAN - -
oty SFVT Analysis User Guide 3% IMMPORT

Analysis / MHC Validation and SFVT Analysis / Create HLA Data Set / Select HLA Loci - seta release

Home | Upload Data | Create Data Set | Analyze Data Set | SFVT Analysis | Analysis Results | User Guide | Ambiguity Reduction Slides / Logic

Select Subjects from ImmPort === |\ || ==~ Display submitted request

The number of subjects chosen = 3
The current IMGT/HLA Release is IMGT/MLA Releate 3,00 (2010-04-01)

ine actions below accept both IMGT/HLA version Z.* or version 3.* allele formats and NMOP version Z and 3 NMOP-code formats.,

Fields marked with an asterisk * are required

Select the action *

() Validate slleles
Validation uses the ANTT Tool to validate conformance to IMGT/HLA version 2 & 3 nomenclature format and G- and P-Codes.

Mso, validation conwerts the input file into IMGT/HLA version 3.* format since all options operate on that format
() Validate and Generate SFUT Vactor Files

Validate and Reduce allele ambiguity
This tool was designed by Steven J. Mack et, al, and was developed with his invaluable co-operation

The input requires the column Population Area’ that specifies the population area ( ™ ) associated with each row of data

O Run pypop HLA QC Pipeline
This pipeline validates the input file first and then runs Pypop. Please check out the Pypop Timings' ( ™ )

Select the IMGT/HLA Output Version *

(5) Generated files will be formated in IMGT/HLA version 3 * format
Ml the options abowe operate on IMGT/MLA version 3.* format and output all files in that format

(O Generated files will be formated in IMGT/HLA version 2 * format except for IMGT/HLA G- and P.codes
conversion from IMGT/HLA version 3.* to version Z.* format uses the ANTT Tool

} The MHC Validation and SFVT Analysis tool requires a project: “workspace”
} The Dataset Name is used to name the HLA Typing File generated in this workflow (with a * tad" suffix).
} Please see the Uzar Guide or contact the help desk for more information.

Select a project to store
generated files * 0 revised wampie packages ™

Dataset Name *

Dataset Descriptor

Select Loci: *

4 | Page 1ef1 » ¥ & Displaying 1 -9 o

] HLA Loous Name « Number of Subjects with Locus
[ HLAA 3 A~
[ HLap 3

7] HLAC 3

Figure3C Select the locus whose HL A typing data needs to be analyzed
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2.1.3 HLA typing files stored in ImmPort

This option allows one to select an already uploaded or created HLA typing filethat is
ready for analysis by thistool. The stepsinvolved are: first, select the “Use HLA Typing Data
File in ImmPort” option from the “select data source” options shown in figure 2A. Then, select
the HLA typing file from the table of existing filesin ImmPort as shown in figure 4.

Analysis / MHC Validation and SFVT Analysis / Analyze HLA Data Set / Choose Data Set and Analysis Option - seta release

Home | Upload Data | Creaste Data Set | Analyze Data Set | SFVT Analysis | Analysis Results | User Guide | Ambiguity Reduction Shides / Logic

ST — | oy st et
Lprevious | [ nNext | [ cancel |

The current IMST/HLA Release is IMGT/HLA Release 3 00 (2010-04-01)
Z*or version 3 *allele formats and NMDP version Z and 3 NMDP-code formats

i actions below accept both MGT/HLA version
Fields marked with an asterisk " are required

Select the action *

(@) Validate alieles

wahidation uses the ANTT Tool to validate ance 1o IMGT/HLA version Z & 3 nomenciature format and G- and P-Codes

algo, validation converts the input file into IMGT/HLA version 3.* format since all options operate on that format
() Validate and Generate SFUT Vector Files
O Validate and Reduce allele ambiguity

Thiz tool was designed by Steven J. Mack et. al. and was deweloped with hiz invaluable co-operation
The input requires the column Npulalion Area’ that specifies the population area { ™ )associated with each row of data

O Run Pypop HLA QC Pipeline

This pipeline validates the input file first and then runs Pypop. Please check out the Pypop Timing:' ( ™ )

Select the IMGT/HLA Output Version *

@ Generated files will be formated in IMGT/HLA version 3.* format

&l the options above operate on IMGT/HLA version 3.* format and output all files in that format

(O Generated files will be formated in IMGT/HLA version 2.* format except for IMGT/HLA G- and P-codes

Conversion from IMGT/HLA version 3.* to version 2.* format uses the ANTT Tool

¥ The MHC Validation and SFVT Analysis tool requires a project: “workspace”, and an HLA Typing File

P Please see the User Guide or contact the help desk for more information.

Select a project to store

generated file * 0 revised example packages v

Dataset Name *
Dataset Descriptor

Select an exdsting HLA Typing File below and then click Next *

Page 12 P M & Displaying 1- 25 of 60
HLA Typing Result File Name Source Typ Project Nar Creation D: Source File Last IMGT \ersion Last Action Requ: Last Workflow Us
) J484_subjects_on_TESTrat  genersted f Testing Am 2010-09-24 HLATyping IMGT Release 300 (201 Alele \alidation  Use File ~
) T20.CWD alleles 1 uploaded fil S0CEUtest- 2010-07-15 HLA Typing IMGT Release 3 00 (201 Upload file
) 720.CWD alleles tat uploaded fil S0CELrest- 2010-07-16 HLATyping IMGT Release 3.00 (201 Allele \Validmtion Upload file
y 710.CWD alleles tat uploaded fil 90CELrest- 2010-07-15 HLATyping IMGT Release 3.00 (201 Aliele Validation  Upload file
BangladeshAB HLAB-upload uploaded fil CEU case : 2010-07-14 HLATyping IMGT Release 3.00 (201 Upload file

Figure4 Select the HL A typing fileready for analysisfrom the existing filesin ImmPort
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2.2 ANALYSIS OPTIONS AVAILABLE

Oncetheinput HLA typing file ismade available for the tool through any of the various

sources as described in Section 2.1, the next step in the workflow isto select the type of analysis
to be performed. Irrespective of the source of input HLA typing file there are three options for
theanalysis to be performed as shown in figure 5 which are described below in this Section.

Select the action *

(® \Validate alleles
validation uses the ANTT Tool to validate conformance to IMGT/HLA wersion Z & 3 nomenclature format and G- and P-Codes
Aso, Validation conwverts the input file into IMGT/HLA version 3.* format since all options operate on that format
(:} Validate and Generate SFVT Vector Files
(O Validate and Reduce allele ambiguity
This tool was designed by Steven J. Mack et al. and was develope
The input requires the column Population Area'that speci r d h each fdat
C- Run pypop HLA QC Pipeline
This pipeline validates the input file first and then runs Pypop. Please check out the Pypop Timingr' |
Select the IMGT/HLA Output Version *
(o‘v Generated files will be formated in IMGT/HLA version 3.* format
Al the options above operate on IMGT/HLA version 3.% format and output all files in that format
{"j. Generated files will be formated in IMGT/HLA version 2.* format except for IMGT/HLA G- and P-codes

Conversion from IMGT/HLA wversion 3.% to wersion Z.* format uses the ANTT Tool

b The MHC Validation and SFWT Analysis tool requires a project: "workspace”, and an HLA Typing File.

b Please see the User Guide or contact the help desk for more information

Figure5 Select the analysisto be performed

Once the type of analysis action is selected, select the project to where the analysis results

need to be stored. These results can then be retrieved | ater.

Validate File content:

If theHLA aleesintheinput HLA typing file need only to be validated then select
this action. The validation processis described in the Sections 3.1 and 3.2.
Generate SFVT Vector Filesaswell:

In addition to the validation of the allelesin the input HLA typing file, one can aso
generae the SFVT vectorsfor the aleles, thisanalysis option is selected. The process
and the output files that are generated are described in Sections 3.3 and 3.4.
Validate alleles and reduce allele ambiguity:

The allele ambiguity reduction based upon work from Steven J. Mack, Ph.D..

Run HLA QC Pipdine

ImmPort currently supports the Quality Control (QC) of HLA typing data using the
PyPop software developed by [ Lancaster, R.M. et a] (A. K. Lancaster, R. M. Sngle,
O. D. Solberg, M. P. Nelson and G. Thomson 2007 " PyPop update - a software
pipeline for large-scale multilocus population genomics' Tissue Antigens 69 (sl),
192-197.)

The files generated by the QC analysis are described in Section 4 and more
information about the tool can aso obtained by referring to the PyPop tool’ s user

August 17, 2009 12 Version 1.0
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guide available at the following site: http://www.pypop.org/.
This analysis option does not generate the SFV T vector files but generates
comprehensive quality control analysis results.

2.3 ANALYSIS RESULTS

Upon submission of the task, atask ID is assigned (as shown in figure 6A) to the request
to generate the SFVT vector file. Thistask ID or the dataset name can be used to monitor the
status of the task in the analysis history as shown in figure 6B.

Analysis / MHC Validation and SFVT Analysis / Create HLA Data Set / Display Submitted Request - Beta Release

Home | Upload Data | Create Data Set | Analyze Data Set | SFVT Analysis | Analysis Results | User Guide | Ambigutty Reduction Slides / Logic

Select existing file —r

Your "HLA Allele Validation™ request was submitted successfully. Your analysis task ID is 3157.
Click the "Show Analysis History™ button to proceed to the MHC Validation and SFVT Analysis History page. Once the task you requested is completed, you will be able
to download your files.

| Show Analysis History |

Figure 6A Confirmation of Task submission

Analysis / MHC Validation and SFVT Analysis / Analysis Results - Beta Release

Home | Upload Data | Create Data Set Analyze Data Set SFVT Analysis Analysis Result User Guide | Ambiguity Reduction Slides / Logic

This page is a list of the tasks you have submitted to the SFVT File Generation Tools. Click on a task ID to view detailed information about the task or to see the results.
Please contact the help desk if you have any questions about the status of you analysis runs (Contact Us)

Page 1004 b M & Displaying 1 - 20 of 70
Task ID © Start Date End Date Task Type Source Type  Input File Generalh Name Description Status MGT Version
315 2011-03-03 Validate Alleles uploaded file  BangladeshAB HLA-B- MGTHL qag Started Release 300 -
(reused) (2010-04-01)
314 20110301 20110301 Analyze VF  uploadedfle  HLA1_ver2_Orig_modh MGTHL HLA1 ver2 Or stvichi Compieted with Ar Release 3.00
(2010-04-01)
3113 2011-03-M 2011-03-01 HLA GC uploaded file  HLA1_ver2_Orig_modh MGTHL HLAT ver2 Or Completed with Ve Release 300
(2010-04-01)
3112 2011-03-01 2011-03-01 HLA Ambiguty uploaded file HLA1_ver2 Orig_modf IMGTHL HLA1 ver2 Or Compieted with Ve Release 3.00

(2010-04-01)

2011-03-0 2011-03-0 Generate VF  uploaded file  HLAT_ver2_Orig_modfi MGTHL HLA1 _ver2 Or Compieted with Ve Release 300
(2010-04.01)

3110 2011-03-01 2011-03-01 Validate Alleles uploaded file  HLA1_ver2_Orig_modh IMGTHL HLA1 _ver2_Or Completed with Ve Release 3.00
MM ANa M

Figure6B Analysis history table

To download the results select the task of interest and click the task 1D to proceed to the
download page shown in figure 7. Depending on the analysis action selected different set of files
are available for download as shown in figures 7. There are files generated that give reports on
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any errors encountered in theanalysis process. The details of the MHC SFVT Analysis process,
the content of thefiles and the errors are provided in Sections 3.0 and 4.0 and in the Appendix B.

Analysis / MHC Validation and SFVT Analysis / Analysis Results - Beta Release

Home | Upload Data | Create Data Set | Analyze Data Set | SFVT Analysis Analysis Results | User Guide | Ambiguly Reduction Shides /Logic
Data Set Details

SFVT Analysis Accession No: 862

Generation Status: Completed with Analysis ssues

Data Set Name: HLA1_ver2_Orig_modfd.pheno.pop.txt val gen sfit

Description: sfwt chi

Research Project: 0 revied example packages

Source File: HLA1 ver2 Orig modfd.phenc.pop.txt

Source Type: uploaded file

Source File Type: Custom HLA Typing

Source Vector Files: 3103

Alleles generated in format: IMGT/HLA Version 3 format
MGT Release: Release 3.00 (2010-04-01)
SFVT Tool Information: HLA SFVT Analysis Tool (version 1.0)

The files associated with the SFVT analysis results are:

Input File The input HLA data that was submitted for the SFVT analysis  Task3114.HLA-DRB1.SFVT vectors file txt

X Results from the chi-square association of the SFVTs of the
Sequence feature variant type

(SFVT) results

[

HLA allele types to the phenotype for the subjects in the Task3114.HLA-DRB1.SFVT analysis results txt
input data

Results from the chi-square association of the 5Fs of the HLA
3 Sequence feature (5F) results Task3114.HLA : iz b
locus to the phenotype

Sequence feature variant type Contingency tables generated from the chi-square test
{SFVT) frequency tables analysis for each sequence feature

Log from the analysis results and other summary data including

TaskJ114 HLA-DRB1.SFVT frequency tables txt

1. SFVT analysis log and summal Task3114.Llog and summary,txt
e L4 errors and warnings .
2 The files generated from the SFVT analysis task and their
2 Readme file Task3114.README txt
description e
Batch download files
load all the above files including the source fi 3 ip- i
4 MHC Analysis Results Down all the es including the sou le 35 Zip-file with generated name containing directory,
single compressed archive/file Task3114,5FVT sic result f

| Previous | | Cancel |

Figure7 Downloadable filesgenerated for the MHC SFVT analysisaction

3.0 SFVT VECTOR FILE GENERATION PROCESS

This Section describes sequence feature variant type (SFVT) vector file generation
process Individual files, one per locus, containing SFV T vectors are generated for each set of
HLA aleletyping data. HLA Typing data are provided in thefile formats as specified in
Appendix A.

Beforean HLA typing data can be transformed into the SFVT vector, it is necessary to
validate that thetyped HLA aleles are in compliance with the latest report of the Nomenclature

August 17, 2009 14 Version 1.0



NORTHROP GRUMMAN

— SFVT Analysis User Guide e 14 AD)
/;’;f_’;:w;tr‘an Technology y % IMMI'ORT

for Factors of the HLA System (http://hla.alleles.org/nomenclature/nomenc_reports.html). In
addition to the SFVT vector files, following files are generated:

I Allele validation output — Thisfile is similar to the input HLA typing
results file except that only the validated alleles are included and this
will be the file used for generating the SFVT vector files.

ii. Allele validation summary — Thisis a report of the validation on the
alelesin the input dataset. It contains information on the number of
typed alleles that have errors and other useful information such asthe
number of common and rare aleles present for each HLA locus typed
in the dataset

iii. MHC SFVT summary— A report of any errorsin the generation of
SFVT vectorsare presented in this summary along with information
on allele summary

The following Subsections describe the validation and vector file generation process
including the files that are generated.

3.1 ALLELE VALIDATION—ALLELE NAME SYNTAX

Thevalid syntaxes of an HLA alleleentry are described through Subsections ‘3.1.1 Valid
Allele syntax’ and *3.1.2 Syntax descriptors . The syntax validation process is described in
Subsection 3.1.3. Error messages for this process are explained in Appendix B.1 “Allele
Validator Errors’ and Appendix B.4 “Allele Errors’.

3.1.1 Valid Allele syntax

The valid alele syntaxes are specified in Table 1, “Vaid HLA Allele Syntaxes’. In the
table below, white space (spaces) can occur around any of the components. This white space is
ignored in processing.

Table 1, Valid HLA Allele Syntaxes

Entry item \ Syntax \ Notes
<dlele names> i) Full name - <hla_|locus>*(3 or 4 or nore digits name), e.g. For3or5
- “DRB1*0101”, “DRB1*010101”, “DRB1*101” digits names
ii) Only the digits — (3 or more digits), e.g 0101, 010101, ‘0" isassumed
101 astheinitial
- . . _ digit. If more
iii) Allele nanmes with suffixes - <allele nane><nane_suffix> than 5 odd
e.g. “DRB1*1613N' or “1613N’
number of
iv) Miltiple alleles - digit names, it
<al | el e_nanme><allele_separator><allele_name><allele separator>.... is assumed to
E.g. “DRB3*0101/ 0202, *“0101/0202", *“DRB3*0101/0102/0203/.." be specified as
is.
<nmdp_alleles> <hl a_l ocus>*<di gi t ><di gi t ><nndp_code> e.g. DRB1*01TP
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Entry item \ Syntax \ Notes
<gcode_alleles> i) Full nanme <hla_l ocus>*(4 or nore digits nane)<gcode_suffix>

- e.g. A*2601g

ii) Only the digits - (4 or nore digits nane)<gcode_suffix>
e.g. 2601g

<serological_alleles> | i) Full name - <hla_locus>*<digit><digit> e.g. DRB1*01

ii) Only the digits — (1 or 2 digits), e.g. 01, 1

3.1.2 Syntax descriptors

The accepted values for the alele separator, digits, name_suffix, and hla_locus are
defined in Table 2, “ Syntax descriptors’. In the specification below, alphabetic characters are
shown as upper-case, but all comparisons are performed in a case-sensitive manner. Also, for
<missing_allele>white space (spaces) isignored in processing.

Table 2, Syntax descriptors

Descriptor Accepted values ‘ Notes
<alele separator> | ':' or '/' or ', or ' ' For agiven entry, only one type of
separator can be used to separate alleles
<digit> 0" or "1 or '2" or '3 or "4
or ‘5 or '6
or ‘7" or '8 or '9
<gcode_suffix> g Standard g-code specifier suffix
<hla_locus> :g‘-A-A' or 'A or "HAB or Standard Anthony Nolan HLA locus
or 'CwW or ... names
<missing_allele> |e¢ HLA Typing Result:
or '-' or '"-"' or
XXX
. PyPop input file: ‘'****!
<name_suffix> 'C or'N or "L" or 'S or A Standard Anthony Nolan HLA allele
or 'Q nomencl ature suffix
<nmdp_code> "AB or "AC or ... Standard NMDP code names; these codes
differ from <name_suffix> values so are
distinguishable

3.1.3 Syntactic Validation

Syntactic validation determines if thereisavalid entry using Table 1 and 2 above. This
validation does not determine whether or not the alleles represented by an entry are valid
Anthony Nolan allele names (See Section 3.2 for description on that validation step). If the
syntax validation fails error messages are generated and no further processing of the entry is
performed. Also, during syntactic validation processing, certain data transformations occur. For
example, the alleles represented in NMDP codes will be transformed to its representative alleles.

3.2 ALLELE VALIDATION—VALIDATING ALLELE NAMES

This Section describes the process of validating the allele namesfor conformance to
Anthony Nolan alele names Once an allele entry has been syntactically validated, then the set
of Anthony Nolan allele names represented by this entry is determined. Any errors are reported
(See Appendix B.1 “Allele Validator Errors’ and Appendix B.5 “Allele Errors’). For
<nmdp_alleles> and <gcode_alleles> the allelesare looked up against the corresponding
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standard (see Section 3.2.1 and 3.2.2). In the case of <nmdp_alleles>, atransformation into a set
of aleles represented by the codeis performed. For an odd digits name entry, atwo step process
isfollowed: azerodigit (‘0’) is prefixed to the digits and the allele is checked against the current
aleles, and failing that the allele is checked in the Anthony Nolan changed namesllist.

3.2.1 NMDP Code Transformation

The NMDP codes are translated using the lookup table provided at the NMDP web-site
http://bioinformatics.nmdp.orgHLA/allele_code_lists.html. The process to translate a code
depends on whether the value of the codeis a set of 2-digit or 4-digit values. For example, if the
NMDP code is B*58VE, the lookup for ‘VE’ will return thevalue‘01/11'. Thealelesfor the
code will be B*5801 and B*5811.

Another exampleisB*15BKVK. The lookup for the code, ‘ BKVK’, returns the value
1501/1501N/9502/9504". The allelesfor this code are B* 1501, B* 1501N, B*9502, and
B*9504.

If the NMDP code is not known, then an error is reported and the entry is not processed
further. Otherwiseif the NMDP codeis defined and consistent for the locus, then it is replaced
in the validated file by its set of alleles.

3.2.2 G-Code Lookup

The determination of alleles for a g-code is a grouping code determined by alookup table
derived from the paper [Cano et a: 2007] (* Common and Well-Documented HLA Alleles’,
Human Immunology 68, 392-417 2007). For example, if the g-code A*020101g is provided,
then the alleles A*0201, A*02010101, A*0209, A*0243N, A*(0266, A*0275, A*0283N, and
A*0289 arereturned. If the g-code is not known, then an error is reported and the entry is not
processed further. The gcodeisleft as-isin the validated file.

3.2.3 Special Names Replacement

Specia namesfall into two categories:

e ‘Suggested Name' as defined in the paper [Cano:etal :2007]
e ‘CodeinTable asdefined in the Anthony Nolan ambiguous typing data

In the first case, the ‘ Suggested Name' is replaced by its corresponding g-code as defined
in Section 3.2.2, and in the second case the *Code in Table' isreplaced by thelist of alleles
defined in the Anthony Nolan ambiguous typing data. Thisambiguity typing datais available
from the ANT web-site for the current version of the HLA alele data:
http://www.ebi.aB.uk/imgt/hla/ambig.html

3.2.4 Allele Name Lookup

Once the allele names are successfully determined, they are then checked to seeif they
exist in the current release of the Anthony Nolan HLA dataset. There are several cases specified
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in priority checking order in Table 3, “Allele Name Validation Cases’ below. Only thefirst case
will represent a clean match. The other cases will require further processing. The changed allele
name and deleted allele name lists specified in the table below for a given Anthony Nolan release
are acquired from the Anthony Nolan web site: ftp.ebi.aB.uk/pub/databases/imat/mhc/hla

Table 3, Allele Name Validation Cases

Case \ Description

Exact The allele name represents exactly one current dlele
match
Multiple | Morethan one current alleleis matched. Thisisnot an error, but will be reported
matches | for further processing.

Delete The allele name matches with adeleted allelein ANT. If the deleted allele

match references areplacement allele, then thisis not an error, but it will be reported along
with the replacement name for further processing. If the deleted allele does not
reference areplacement alele, then an error is generated.

Change The allele name matches with one of the changed namesin ANT. This usually
match occurs for the alele names with odd number of digits of either five (5) or seven (7).
Thisisnot an error, but it will be reported aong with the replacement name for
further processing

missing None of the above categories apply. Anerror is generated.

match

3.2.5 Examples of allele entries

Thetable 5, “Validation examplesfor allele entries’ displays examples of valid and
invalid entries that may occur for the HLA-A locus and the results from validation that will be
performed. An error isindicated by an empty validated result in the table. Also, Table 4, “Valid
aleleentriesfor HLA-A", illustrates thevalid entries for the HLA-A locus.

Table 4 Valid allele entries for HLA-A

Allele entry Alleles Represented

A*0110 A*0110

0110 A*0110

0110/0106 A*0110 and A*0106
A*0110/0106 | A*0110 and A*0106
A*2312/14/15 | A*2312, A* 2314, and A* 2315

110 A*0110
110/106 A*0110 and A*0106
110/06 A*0110 and A*0106

A*02AMIM | A*0201, A*0209, A*0243N, and A* 0266
A*010101g A*01010101 and A*0104N
A*01XX All A* alleles with serological category ‘01’
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Table 5 Validation examples for HLA-A allele entries

Original Entry ‘ Validated Result

010101g/A* 0101
0110 0110
0110/0106 0110/0106
0110/106
02 02
0209/43N 0209/0243N
0294N 0294N
02AMJIM/A*0101
03 03
03/02
0300 03
0300/02
1010.0
1010102N 01010102N
110 0110
110/0106 0110/0106
110/06 0110/0106
110/106
2 02
2202
2402101 24020101
294N 0294N
3 03
3/02
300 03
300/02
3013 3013
5101/17/21
68011/0101 680101/0101
68011/2402101 680101/24020101
A*0101.1 0101
A*0101.1N
A*0101/0200
A*0101/02AMJIM
A*0101/A*0101011g
A*0101/A*010101g
A*010L/A*02
A*0101/A*0200
A*0101/A*0212AMJIM
A*0101/A*102
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Original Entry ‘ Validated Result

A*010V/A*3

A*0101/A*B03

A*0101011g

A*0101011g/A*0101

A*010101g

010101g

A*010101g/A*0101

A*0101029

A*0110

0110

A*0110/0106

0110/0106

A*02

02

A*0200N

A*020101g

020101g

A*02011

020101

A*020120

020118

A*0212AMJIM

A*0212AMJM/A* 0101

A*021AMIM

A*02202

022002

A*0294N

0294N

A*02AMJIM

0201/0209/0243N/0266

A*02AMJIM/A*0101

A*02BRHJ

0201/0209/0243N/0266/0275/0283N/0289

A*O2N

A*03

03

A*03/02

A*0300

03

A*0300/02

A*03013

030103

A*0312345678

A*03BRHJ

A*03VS

0301/0320

A*101/A* 102

A*10101g

A*101029

A*110

A*2

A*200N

A*20102

020102

A*2202

A*2312/14/12/14

2312/2314

A*2312/14/15

2312/2314/2315

A*2401
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Original Entry ‘ Validated Result

A*2402101/02L 24020101/24020102L
A*24022 240202
A*2901102N 29010102N
A*29011N
A* 294N
A*2N
A*3
A*3
A*3/02
A*3/A*0101
A*300
A*300/02
A*3013 3013
A*3021 301102
A*312345678
A*B03
A*B03/A*0101
A*11XX 11
A*11xx 11
11XX 11
11xx 11
A*11IXX/A*2301
11XX/2301
A*2301/A* 11XX
2301/11XX
A* 11xx/A*2301
11xx/2301
A*2301/A* 11xx
2301/11xx
A*0102 0102
0102 0102
102 0102
0102/0106/0103/0110 0102/0106/0103/0110
0201, 0209, 0243N, 0266 0201/0209/0243N/0266
A*0102/A*0103/A* 2612 0102/0103/2612
A*0104N/A*02010101 0104N/02010101
01010102N/010104/0117/020107 | 01010102N/010104/0117/020107
010105 010105
A*020170
A*260101/2624/2626 2601g
A*02G1 020101g
A*7401/7402 7401g
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Original Entry ‘ Validated Result
A*1101/1121N 110101g

3.3 SFVT VECTOR GENERATION

This Section describes the rules and the process for the vector file generation. In the
generated file, an element of the vector can be one of the following categories of values as
described in Table 6, “Values of vector elements’ below:

Table 6, Values of vector elements

Vector element Description
Value
Defined value Exactly one variant type for the feature, for

example “Hsa HLA-DRB1_SF1_VT10’

Type Unknown The sequence feature variant type is unknown
due to lack of sequence information. E.g.
“Has HLA-DRB1 SF1 Type Unknown”
“Null” Singleton aleleisaNULL dlele

“No Data” Singleton alelein theentry for anindividua isa
serological code (2-digt code)

“Ambiguous Type” | Theindividual istyped with more than one allele
and hence the variant type is ambiguous.

Thus, each validated alele entry is checked to see if they are typed at serological level or if itisa

null alele or has multiple alele types. In either of the cases the following steps are taken:

1. Serological data (2-digit allele) always generates ‘ No Data’ for the variant type of all the

sequence features of that locus

2. ANULL dlee (for example, A*01010102N) always generates ‘Null’ for the variant type

of all the sequence features of that locus

3. For dlele entries with multiple alele types, the “ Ambiguous Type” is assigned for the
variant type of all sequence features of that locus except for those sequence features for
which the multiple aleles share a similar sequence feature variant type.

4. Anadledethat isneither NULL nor serological will generate avariant type (defined value)

as defined by its protein (4-digit code). For example, A*010101 will generate the
sequence feaure variant type for each feature assigned to the protein A*0101. Some
variant type assignments for somealleles are designated as  Type Unknown’ if the
sequence information is unknown at any of the amino acid positions that define the
sequence feature.
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3.4 VECTOR FILE GENERATION OUTPUTS

Thevector file generation pipeline creates the following files which are described in the
Subsections bel ow:

e validated file

e validation summary
e vector files

e (generation summary

3.4.1 Validated File

The uploaded input file containing the allele types for every individual in the dataset is
first validated as described in Section 3.2. A fileis generated as aresult of the validation and
only the validated entries are considered for SFVT vector generation. Thisfile has the same
format as the file input to the MHC SFVT Analysis processand is identified by the following
name syntax: “<Task_|D>.alele.validation_output.txt” where <Task_ID> isthe ID assigned to
the task running the MHC SFVT analysis process. The task 1Ds along with other related
information are listed in the analysis history page. However, the alele content has been modified
to represent the validated alleles as shown for few examplesin Table 5. An example of a
validatedfileisillustrated in Table 7, “Example of aValidated File” below.

Table 7, Example of a Validated File

HLA

Typing

Results

Please

do not

delete

or edit

this

column

Column | Experiment | HLA-A HLA-A HLA- | HLA-B HLA- HLA- | HLA- HLA- HLA- | HLA-

Name Sample Allede1 Allele2 B Allele2 C C DPA1l | DPAl1 | DPB1 | DPB1
User- Alldle Allde | Allde | Allde | Allde | Allele | Allele
Defined 1 1 2 1 2 1 2
ID*
AB1234 0201 0101 4402 | 0801 0501 0701 0401 | 0401
AB2345 0101 0801 | 4402 0701 0501 0201 | 0201
AB3456 0101 2402/2403 | 0801 | 3502 0701 0401 0402 | 0401
AB4567 0201 0202 4901 | 0801 0701 0701 0301 | 0401
AB5678 0301/0308 | 0201/0234 | 2702 | 4402/4419N | 020202 | 0501 0402 | 0402

Note that, the empty cells are replaced with an empty column, and alele names are
presented numerically (no prefix) in the standard IMGT format. Changed and deleted names are
replaced by their current allele names. NMDP codes are replaced by their IMGT alele
equivaents. Finaly, any cell that contained data that can not be validated successfully is
replaced by an empty cell.
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3.4.2 Validation Summary

The validation summary file, Allele.validation_summary_L og.log, contains the
following informational tablesoccurring in the summary file in the order specified in Table 8,
“Informational Tablesin Validation Summary”. These tablesdescribe the results of the

validation process.

Table 8, Informational Tables in Validation Summary

Table Name Description

Version information

Thistables contains the following information:
i. Versions of the source data utilized in validating the input alleles
ii. Version of the vector file generator tool
iii. Start time of the task

Files and species
information

Thistable provides the species information, the input file type and the
list of generated files

Subject Statistics

This table provides the number of subjeds present in the input data

Summary of Error
Counts by Locus

Thistable provides the number of typed alleles, by locus, that were
validated successfully (No Error) and unsuccessfully (Error).

List of Errors

Thistable only appears if there were errorsin validating the allele data.
Thistablelists al errors that occurred with the following column
information:

Row Num—data row number in the file

Row I d—the *subject ID’ or the: Experiment Sample User-Defined
ID’

Col Name—the column namein the input file identifying the locus
andthe dlele

Allele entry Data—the alele entry

Err Num—the error number of the error as defined in Appendix B

Error M essage—a short error message

Validation Notes for
entries

This table only appears if there were processing notes that occurred in
validating the allele data. Thistablelists all notes that occurred with
the following column information:

Row Num—data row number in the file

Row I d—the ‘subject ID’ or the: Experiment Sample User-Defined
ID’

Col Name—the column name in the input file identifying the locus
andthe dlele

Allele entry Data—the alele entry

Note M essage—a note about the issue that occurred

Error and Note Details
by entries

Thistable of information only occurs if there were errors or notes that
occurred in the validation process. The error messages that can occur in
this table are specified in detail in Appendix B

Category Errors

Thistable only occursif there were any errors. It provides the counts of
each error by error category. The error categories and error numbersin
this table correspond to those listed in Appendix B.
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Table Name Description

Summary of Data Types
By Locus

This table defines the count of the special data types that occurred per
Locus. The datatype include:

Changed Name—a changed name as defined by IMGT

Deleted Name—a deleted or replaced name as defined by IMGT

G-Code—as defined in Section 2.2.2

NM DP Code—defined by in Section 2.2.1

NULL Alldle—aNULL aleleasdefined by IMGT

Serological—a 2-digit allele only specifying the alele' s serological
category

Zero Prefix—a 3-digit alele that is missing its zero-prefix

Summary of Common
and Well-Documented
(CWD) Data by Locus

This table provides the number of CWD and rare alleles per Locus.
Common and Well-Documented (CWD) alleles are those identified by
Pedro Cano et al. in "Common and well-documented HLA alleles:
report of the Ad-Hoc committee of the American society for
histocompatiblity and immunogenetics’, Human Immunology, Volume
68, Issue 5, May 2007, Pages 392-417. This table contains counts
based on all the allele names occurring within atype alele
Arareadleleisan allelethat is not characterized as CWD or as G-Code.

List of Rare Alleles by
Locus

Thistable lists the counts of each rare allele by Locus present in the
input file

Summary of Ambiguity | Thistable lists the number of typed alleles per locus that are ambiguous
Counts by Locus and not ambiguous

Summary of Typed This table provides the number of typed alleles per locus.

Alleles by Locus

Run datistics This table provides the actual run-time (in seconds) of the validation

process.

3.4.3 Vector Files

For each HLA locus typed input dataset asingle SFVT vector file is generated. The
vector files are identified with the following name syntax:
“<Task_ID><LOCUS NAME>.SFVT_vectors.txt” where <LOCUS_NAME> isthe IMGT
locus name designator, for example, HLA-A and <Task_ID> isthe ID assigned to the submitted
MHC SFVT anaysis task.

The generated SFVT vector files are text files containing tab-separated data arranged in
columns. Thefileformat for avector file generated from an HLA Typing Result Templatefileis
illustrated in Table9, “Generated Vector File Format For HLA-A” below.
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Table 9, Generated Vector File Format for HLA-A

HLA
Variant
Type
Results
Column Experiment | Hsa HLA-A_SF1 Hsa HLA-A_SF1 Hsa HLA-A_SF2 Allde1 | Hsa HLA-A_SF2 Allde 2
Name Sample Alldel Allele2
User-
Defined ID*
AB1234 A*0201 A*0101 HAS _HLA-A_SF2 VT6 HAS HLA-A_SF2 VT1
AB2345 A*0101 No Data HAS HLA-A_SF2 VT1 NoData
AB3456 A*0101 Ambiguous Type HAS HLA-A_SF2 VT1 Ambiguous Type
AB4567 A*0201 A*0202 HAS HLA-A_SF2 VT6 Type Unknown
AB5678 Ambiguous Type Ambiguous Type Ambiguous Type Ambiguous Type

3.4.4 Generation Summary

The generation summary file, SFVT.generation_summary_L og.log, contains the
following informational tables occurring in the summary file in the order specified in Table 10,
“Informational Tablesin Generation Summary”. These tables describe the results of the vector
file generation process.

Table 10, Informationa Tables in Generation Summary

Table Name ‘ Description

Version information

This tables contains the following information:

I Versions of the source data utilized in generating the input
aleles

ii. Version of HLA QC pipeline

iii. Start time of the task

Files and species
information

This table provides the species information, the input file type and the
list of generated files

Subject Statistics

This table provides the number of subjects that occurred in thefile

Summary of Error
Counts by Locus

This table provides the number of typed alleles, by locus, that were
validated successfully (No Error) and unsuccessfully (Error).

Number of Sequence
Feature Variant Types
(SFVTs) defined per
Locus

Thistable provides the number of sequence feature variant types
defined per locus for each data type. The data types are as defined in
Table 6. They are:

Ambiguous Type

Defined Type

No Data

Null

Unknown Type
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Table Name \ Description

Summary of Data Types | Thistable provides the number of typed aleles of different datatypes
by Locus per locus. The datatypes are:
NULL Allde—aNULL al€ele asdefined by IMGT
Serological—a 2-digit allele only specifying the dlele’ s serological
category
Missing SFVT Data—alleles whose variant type information is not
yet computed
Summary of Typed | Thistable provides the number of typed alleles per locus.
Alleles by Locus
List of Errors Thistable only appears if there were errors in validating the allele data.
Thistable lists al errors that occurred with the following column
information:

Row Num—data row number in the file

Row I d—the ‘subject ID’ or the: Experiment Sample User-Defined
ID’

Col Name—the column name in the input file identifying the locus
andthe dlele

Allele entry Data—the dlele entry

Err Num—the error number of the error as defined in Appendix B

Error M essage—a short error message
Error and Note Details Thistable of information only occursif there were errors or notes that

by entries occurred in the validation process. The error messages that can occur in
thistable are specified in detail in Appendix B
Category Errors Thistable only occursif there were any errors. It provides the counts of

each error by error category. The error categories and error numbersin
this table correspond to those listed in Appendix B.
Validation Notes for Thistable only appears if there were processing notes that occurred in
entries validating the allele data. Thistablelists all notes that occurred with
the following column information:

Row Num—data row number in the file

Row I d—the ‘subject ID’ or the: Experiment Sample User-Defined
ID’

Col Name—the column name in the input file identifying the locus
andthe dlele

Allele entry Data—the alele entry

Note M essage—a note about the issue that occurred
Run statistics This table provides the actual run-time (in seconds) of the validation
process.

40 HLA QCusING PyPop

This Section describes the HLA quality control (HLA QC) pipeline using the PyPop tool
[Lancaster et a: 2007]. HLA Typing data can be provided in the file formats as specified in
Appendix A or generated from HLA typing results data previoudy uploaded into ImmPort.
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Before an HLA typing data can be used as input to PyPop, it is necessary to validate that
the typed HLA alleles are in compliance with the latest report of the Nomenclature for Factors of
the HLA System (http://hla.allel es.org/nomenclature/nomenc_reports.html) (see Sections 3.1 &
3.2). After vaidation, the validated datais submitted to an allele disambiguation process based
on common and well-documented alleles as defined by Pedro Cano et.a in " Common and well-
documented HLA alleles: report of the Ad-Hoc committee of the American society for
histocompatiblity and immunogenetics”, Human Immunology, Volume 68, Issue 5, May 2007,
Pages 392-417. The disambiguated output is converted into PyPop input format and submitted

to PyPop. The documentation on PyPop was obtained from the PyPop tool’ s user guide that can
be downloaded from the following site: www.pypop.org.

A typical PyPop run might take anywhere from afew of minutesto afew hours,
depending on how large your data set is and who else is using the system at the same time.

Thefollowing files are generated during the HLA QC pipeline:

I Allele validation output — Thisfile is similar to the input HLA typing
results file except that only the validated alleles are included and this
will be the file used by the disambiguation process (see Section .3.4.1).

ii. Allele validation summary — Thisis areport of the validation on the
alelesin the input dataset. It contains information on the number of
typed alleles that have errors and other useful information such asthe
number of common and rare alleles present for each HLA locus typed
in the dataset (see Section 3.4.2).

iii. Alleledisambiguation output — Thisfileis similar to the input HLA
typing results file except that the data has been disambiguated (type
aleleswill be CWD dléeles, g-codes, and rare aleles) and will be the
input file used by PyPop.

iv. Alleledisambiguation summary — Thisisareport of the
disambiguation on the alleles in the validated dataset. It contains
information on the number of typed aleles that haveerrors and other
useful information such as the number of common and rare alleles
present for each HLA locus typed in the dataset

V. PyPop input file — The disambiguated data reformatted into PyPop
input format.

Vi. PyPop outputs — Output from a successful PyPop run includes: the
complete resultsin XML format and a human-readabl e text format of
theresults.

Vil. PyPop summary — A report summarizing the results of the PyPop run

including the Pypop configuration file.

The following Subsections specify the allele disambiguation process, the PyPop
configuration file, and the files output by the run. Errors generated by the pipeline arelisted in
Appendix B.
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4.1 ALLELE DISAMBIGUATION

The allele ambiguity resolution process assumes that the input file has been validated
(Sections 3.1 & 3.2). This process assumes that each alele cell is composed of asingledlele
name, g-code, serological code, or a collection of allele names.

An aleleiscommon and well-documented (CWD), if its nameis acommon and well-
documented allele as defined in the paper by Pedro Cano et.al, "Common and well-documented
HLA aleles: report of the Ad-Hoc committee of the American society for histocompatiblity and
immunogenetics', Human Immunology, Volume 68, Issue 5, May 2007, Pages 392-417. Also, a
four (4) digit aleleis common and well-documented if its four digits appear as the first four
digits of one of the CWD allele names as defined inthe paper. Ararealeleisanalelethat is
not a CWD as defined above. Furthermore, an aleleis amember of agcodeif it is defined as
such in the above paper. A gcode group is a mechanism to group alleles that have the same
sequence at the peptide level for exons2 & 3, for Class | loci, or exon 2, for Class 11 loci. Also,
afour (4) digit aleleisamember of agcode if it appears as the first four digits of an allelethat is
defined to reside in the gcode as defined in the paper.

In the allele ambiguity resolution process, cells containing only rare allele(s) will be | eft
‘asis. Thatis, al thealleles are reduced to their four (4) digit equivalents and written out to the
ambiguity resolution file. Also, anote will be generated to the logging file if there is more than
onerare aleleindicating acell containsonly rare aleles. Thelog file does not register a note if
the cell consists of asinglerare allele.

The following decision process specifies the allele ambiguity resolution using the names
as presented in the input file

The following conditions are assumed.

=

The datain the input file has been validated using the current IMGT allele dataset.

2. Consider only nontrivia cellsfrom thefile for each locus. A cell isnon-trivid if it contains
at least one dlele entry.

3. Theadleesfor the given entry (and locus) are presented as the nameslist, (N1, N2, N3, ...)
(Seetable 11), derived directly from thefile.

4. If thereisonly one alele name entry, then the name N, can be an alele name, agcode, or

serological value (2-digit code). Otherwise, for multiple names in asingle HLA type entry,

thelist will consist of only allele names.

For each name N; in the names, the following set of attributes as defined in the Table 11,
“Attributes Defined for Each Name N;”, below are computed for it.
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Table 11, Attributes Defined for Each Name N;

Attribute ‘ Definition ‘ Comments
N;.type Type of the name: allele, e gcodeisaname gcode group
gcode, or sero name (one ending in 'g’)
e seroisaserologica (2-digit)
code

e alldeisneither of the above

N;.dallele e If typeisgcode, then the
full name without the
locus name but including
the‘g’ suffix,

e |If typeissero, then the 2-
digit abbreviation

o Iftypeisallele, the4-
digits (peptide)
abbreviation

Ni.fallele Name without thelocus Suffixeslike the gcode suffix ‘g,

name, but including the or alele suffixes*N’, ‘L, etc.

(optional) suffix from the

input file

Ni.cwd e If typeisallele, aBoolean | The CWD designation for an allele

indicating whether allele | is determined as follows:

isaCWD alele(TRUE) | e If thename N; isonly 4-digits

or not (FALSE) without asuffix, then the
e Iftypeisgcodeor sero, CWD designation is
thevalueis FALSE. determined Ni.dallele (same as

N; in this case)

e |f the name has more than 4-
digits and/or a suffix, then the
CWD designation is
determined using N;.fallele.

Ni.gcode o Iftypeisallele thegcode o For typeallele and the name N;
group name without locus isonly 4-digits without suffix,
name into which the allele the gcode is determined using
nameis grouped (see only 4-digit lookup.
comments for details); if | e For typeallele and the name
thereis no group code, has more than 4-digits and/or a
then the attribute is suffix, then the gcode is
empty. determined using afull allele

e If typeisgcode, then the name lookup using N;.
attribute has the value
N;.falele.
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The following processing cases are considered as defined in the following Table 12,
“Processing Cases’.

Table 12, Processing Cases

Processing Case ‘ Definition
==1) Only one nameis entered for
an HLA type entry
(>1) Multiple names are entered
for an HLA type entry

==1) Processing Case:

The decision tree is defined in the Table 13, “(==1) Decision Tree”, below. The
Condition and Sub-Condition are considered in priority order. That is only one condition and
optionally one subsequent Sub-Condition is executed for each N1.

Table 13, (==1) Decision Tree

Condition Sub-Condition Result

Ny.typein {'sero', 'gcode’} return N,.dallele

Ni.type=="dlele N;.gcode defined return N,.gcode
Ni.cwdisFALSE return Ni.dallele
Ni.cwdisTRUE return Nq.fallele
and
Nq.faleleisanull alele (N-
suffix)
Ni.cwdisTRUE Determine gcode using N, .dallele;
and if gcode existsreturn it, otherwise
Ni.falele has more than 4- return N..dallele
digits

(>1) Processing Case:

This processing case is defined by two steps, the binning process, and result
determination process. Recall that in this case all names N, istypeallele.

1. Binning Process

In this step, the names N; are binned into the following lists defined in the Table 14,
“Binning Lists’, below:
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Table 14, Binning Lists

List Name Definition
cwds List of unique names for which N;.cwd is TRUE, but no gcode can
be determined for it (see the decision table bel ow)
rares List of unique names for which N;.cwd is FALSE
gcodes list of unique gcodes determined for names for which N;.cwd is
TRUE (see decision table below)

For each name N; in the names list, the decision tree specified in the following Table 15,
“(>1) Decision Tree”, defines how N; isbinned. The Condition and Sub-Condition are
considered in priority order.

Table 15, (>1) Decision Tree

Condition Sub-Condition Result

N;.cwd isFALSE bin N;.dalleleinto rares

N; cwd is TRUE N;.gcode defined bin N;.gcode into gcodes
N;.cwd isTRUE bin N;.falele into cwds
and
Ni.falldeisanull alele (N-
suffix)
Ni.cwd isTRUE Determine gcode using N;.dallele;
and if gcode exists return it, otherwise
N;.fallele has more than 4- return N;.dallele
digits

2. Result Determination Process

The decision tree for determining the resulting cell is defined in the following Table 16,
“Cell Results’.

Table 16, Cell Results

Condition ‘ Cell Result
rares>0 return rares
and
cwds ==
and
gcodes ==
cwds>0 return cwds
and
gcodes ==
cwds == return gcodes
and
gcodes >0
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Condition ‘ Cell Result
cwds>0 return gcodes union cwds
and
gcodes>0

Table 17, “Validated and Ambiguity Resolution for HLA-A Alleles’, illustrates the
validation and the ambiguity resolution processing results for locus HLA-A.

Table 17, Validated, and Ambiguity Resolution for HLA-A Alleles

Original Cell ‘ Validated Cell Ambiguity Resolved Cell
010101g/A*0101
0110 0110 0110
0110/0106 0110/0106 0106/0110
0110/106
02 02 02
0209/43N 0209/0243N 020101g
0294N 0294N 0294
02AMJIM/A*0101
03 03 03
03/02
0300 03 03
0300/02
1010.0
1010102N 01010102N 010101g
110 0110 0110
110/0106 0110/0106 0106/0110
110/06 0110/0106 0106/0110
110/106
2 02 02
2202
2402101 24020101 240201g
294N 0294N 0294
3 03 03
3/02
300 03 03
300/02
3013 3013 3013
5101/17/21
68011/0101 680101/0101 0101019/680101g
68011/2402101 680101/24020101 240201g/680101g
A*0101.1 0101 010101g
A*0101.IN
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Validated Cell

Original Cell

Ambiguity Resolved Cell

A*0101/0200

A*0101/02AMJIM

A*0101/A*0101011g

A*0101/A*010101g

A*0101/A*02

A*0101/A*0200

A*0101/A*0212AM IM

A*0101/A*102

A*0101/A*3

A*0101/A*B03

A*0101011g

A*0101011g/A*0101

A*010101g

0101019

010101g

A*010101g/A*0101

A*010102g

A*0110

0110

0110

A*0110/0106

0110/0106

0106/0110

A*02

02

02

A*0200N

A*020101g

0201019

020101g

A*02011

020101

020101g

A*020120

020118

020101g

A*0212AMJIM

A*0212AMJIM/A*0101

A*021AMJIM

A*02202

022002

0220

A*0294N

0294N

0294

A*02AMIM

0201/0209/0243N/0266

020101g

A*02AMJIM/A*0101

A*02BRHJ

0201/0209/0243N/0266/0275/0283N/0289

020101g

A*02N

A*03

03

03

A*03/02

A*0300

03

03

A*0300/02

A*03013

030103

030101g

A*0312345678

A*03BRHJ

A*03VS

0301/0320

0301019

A*101/A*102

A*10101g

A*10102g
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Validated Cell

Original Cell

Ambiguity Resolved Cell

A*110

A*2

A*200N

A*20102

020102

0201019

A*2202

A*2312/14/12/14

2312/2314

2312/2314

A*2312/14/15

2312/2314/2315

2312/2314/2315

A*2401

A*2402101/02L

24020101/24020102L

2402019

A*24022

240202

240201g

A*2901102N

29010102N

2901g

A*29011IN

A*294N

A*2N

A*3

A*3

A*3/02

A*3/A*0101

A*300

A*300/02

A*3013

3013

3013

A*3021

301102

3011

A*312345678

A*B03

A*BO03/A*0101

A*11XX

11

11

A*11xx

11

11

11XX

11

11

11xx

11

11

A*11IXX/A*2301

11XX/2301

A*230/A*11XX

2301/11XX

A*11xx/A*2301

11xx/2301

A*2301/A* 11xx

2301/11xx

A*0102

0102

0102

0102

0102

0102

102

0102

0102

0102/0106/0103/0110

0102/0106/0103/0110

0102/0103

0201, 0209, 0243N, 0266

0201/0209/0243N/0266

020101g
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Original Cell Validated Cell Ambiguity Resolved Cell

A*0102/A*0103/A* 2612 0102/0103/2612 0102/0103/2612
A*0104N/A*02010101 0104N/02010101 010101g/020101g
01010102N/010104/0117/020107 | 01010102N/010104/0117/020107 0101/0117/0201
010105 010105 010101g
A*020170
A*260101/2624/2626 2601g 2601g
A*02G1 020101g 020101g
A*7401/7402 7401g 7401g
A*1101/1121N 110101g 110101g

4.2 PYPoP CONFIGURATION FILE

The population genetic analyzes that are run on your disambiguated data and the manner
in which the datais interpreted by PyPop is controlled by a configuration file. The content of the
ini-configuration appear in the Pypop summary file, “Task#.Allele.pypop_summary_Log.log”.
Theini-configuration fileis atext property file consisting of comments (which are lines that start
with a semi-colon), sections (lines with labels in square brackets), and options (lines specifying

settings relevant to that section in the option=value format).

[General] L]
debug=0
[ParseGenotypelFile] 2]

untvpedAllele=+*+«
alleleDesignator=+
validSampleFields=+a_1

wa 2

*c 1

et

b1

T

[HardyWeinberg] O
lumpBelow=>5

[HardyWeinkergGuoThompson] ©
dememorizationSteps=2000
samplingNum=1000
samplingSize=1000

[HomozygosityEWSlatkinExact] @
numReplicates=10000

[Emhaplofreq] 0
allPairwiselLD=1
allPairwiselDWithPermu=0
yrnumPermalnitCond=5

Figure8 Sample Ini-Configuration File
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The configuration file sections are described below:

1. [Generd]
This Section contains variables that control the overall behavior of PyPop.

e debug=0: This setting isfor debugging. Setting it to 1 will set off alarge
amount of output of no interest to the genera user.

e outFilePreixType: The default is set as filename, which will result in three
output files [Default: filename]

2. Specifying data formats
Thereare two possible section formats: [ ParseGenotypeFile] and
[ParseAlleleCountFile. If your datais genotype data, the Section will be |abeled:
[ParseGenotypeFile].

o alleleDesignator: Thisoption isused to tell PyPop what is allele data and
what isn’'t. The default is*.

e popNameDesignator: Thereis aspecia designator to mark the population
name field, which is usually thefirst field in the data block. [Default: +]
If you are analyzing data that contains a population name for each sample,
thenthefirst entry in your validSampleFiel dsSection needs the prefix ‘+’

e validPopFields. [Default: ] Required when a population data block is present
in PyPop input datafile.

e validSampleFields. Thisoptiona field contains the names of the loci
immediately preceding your genotype data. Thefirst line
(validSampleFields=) consists of the name of your sample field (if it contains
allele data, the name of thefield is preceded by the character designated in the
alleleDesignatoroption above).

All subsequent lines after thefirst must be preceded by one space (again if it
contains allele data, the name of thefield is preceded by the character
designated in the alleleDesignator option above).
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validSampleFields=+a_1

*a_2
war i
*o 2
*b 1
+b 2

Note initial space at start of line.

validSampleFields=populat

id

*a_1
*a_2
FEE e
w2
+b 1
*b_2

Figure 9Hereisexamplethat includesidentifying (no allele data) information such as sampleid (id)

and population name (populat)

3. [HardyWeinberg]
Hardy-Weinberg analysisis enabled by the presence of this Section.

lumpBelow: This option value represents a cutoff value. Alleles with an
expected value equal to or less than lumpBelow will be lumped together into a
single category for the purpose of calculating the degrees of freedom and
overall p-value for the chi-squared Hardy Weinberg test.

4. [Emhaplofreq]
The presence of this Section enables haplotype estimation and cal culation of linkage
disequilibrium (LD) measures.

allPairwiselLD: Set thisto 1(one) if you want the program to calculate all
pair-wise LD for your data, otherwise set thisto 0(zero).

allPairwiseL DWithPermu: Set thisto a positive integer greater than 1 if you
need to determine the significance of the pair wise LD measuresin the
previous Section. The number you use is the number of permutations that will
be run to ascertain the significance (this needs to be at least 1000 or greater).
(Note thisis done via permutation testing performed after the pair wise LD
test for al pairs of loci. Note also that this test can take DAY Sif your datais
highly polymorphic.)

permutationPrintFlag: Determines whether the likelihood ratio for each
permutation will be logged to the XML output file, thisis disabled by default.
[Default: O(OFF)].

lociToEstHaplo: In this option you can list the multi-locus haplotypes for
which you wish the program to estimate and to calculate the LD. Itisa
comma-separated list of colon joined loci.

numPermulnitCon: Set this to change the number of initial conditions used
per permutation. [Default: 5]. (Note: this parameter isonly used if
allPairwiseLDWithPermu is set and nonzero).
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4.3 HLA QC OuTPUTS

The HLA QC pipeline creates the following files which are described in the Subsections
below:

o validated file (see Section 3.4.1)

e validation summary (see Section 3.4.2)
e disambiguated file

e disambiguation summary

e PyPop input datafile

e PyPop result files

e Pypop summary

4.3.1 Disambiguated File

Thevalidated data (see Section 3.4.1) is disambiguated as described in Section 4.1. A file
isgenerated as aresult of the disambiguation. Thefile contains: CWD alleles, g-codes, rare
aleles, and serological alleles. Thisfile hasthe same format as thefile input to HLA QC
pipelineand isidentified by the following name syntax:
“<Task_I|D>.allele.disambiguation_output.txt” where <Task _ID> isthe ID assigned to the task
running the HLA QC pipeline. Thetask IDs aong with other related information are listed in the
analysis history page. However, the allele content has been modified to represent the validated
alleles as shown for few examplesin Table 17. An example of avalidated fileisillustrated in
Table 18, “Example of aDisambiguated File” below.

Table 18, Example of a Disambiguated File

HLA

Typing

Results

Please

do not

delete

or edit

this

column

Column | Experiment | HLA-A HLA-A Allele2 HLA-B | HLA-B HLA-C HLA-C HLA- | HLA- | HLA- HLA-

Name Sample Allelel Alldel | Allde2 | Alldel | Allde2 | DPA1 | DPAl1 | DPB1 DPB1
User- Allde | Allde | Alldel | Allee
Defined 1 2 2
1D*
AB1234 020101g | 010101g 440201g | 080101g | 050101g | 070101g 0401 0401
AB2345 010101g 080101g | 440201g | 070101g | 0501019 0201 0201
AB3456 010101g | 240201g/240301g | 080101g | 3502 070101g | 040101g 04029 0401
AB4567 020101g | 0202 4901 080101g | 070101g | 070101g 030101g | 0401
AB5678 030101g | 020101g 2702 440201g | 0202 050101g 04029 04029

Note that, the empty cells are replaced with an empty column, and alele names are
presented numerically (no prefix) in the standard CWD/IMGT format.
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4.3.2 Disambiguation Summary

The validation summary file, Alleledisambiguation_summary_L og.log, contains the
following informational tables occurring in the summary file in the order specified in Table 19,
“Informational Tables in Disambiguation Summary”. These tables describe the results of the
disambiguation process.

Table 19, Informational Tables in Disambiguation Summary

Table Name Description

Version information This tables contains the following information:

I Versions of the source data utilized in validating the input
aleles

ii. Version of the vector file generator tool

iii. Start time of the task

Files and species This table provides the species information, the input file type and the

information list of generated files

Subject Statistics This table provides the number of subjects present in the input data

Summary of Error This table provides the number of typed alleles, by locus, that were

Counts by Locus validated successfully (No Error) and unsuccessfully (Error).

List of Errors Thistable only appears if there were errors in validating the allele data.
Thistable lists all errors that occurred with the following column
information:

Row Num—data row number in the file

Row I d—the *subject ID’ or the: Experiment Sample User-Defined
ID’

Col Name—the column name in the input file identifying the locus
andthe dlele

Allele entry Data—the alele entry

Err Num—theerror number of the error as defined in Appendix B

Error Message—a short error message
Validation Notes for This table only appears if there were processing notes that occurred in
entries validating the dlele data. Thistablelistsall notes that occurred with
the following column information:

Row Num—data row number in the file

Row | d—the ‘subject ID’ or the: Experiment Sample User-Defined
ID’

Col Name—the column name in the input file identifying the locus
andthe dlele

Allele entry Data—the dlele entry

Note M essage—a note about the issue that occurred
Error and Note Details Thistable of information only occursif there were errors or notes that
by entries occurred in the validation process. The error messages that can occur in
thistable are specified in detail in Appendix B
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Category Errors Thistable only occursif there were any errors. It provides the counts of

each error by error category. The error categories and error numbersin
this table correspond to those listed in Appendix B.

Summary of Typed This table provides the number of typed alleles per locus.

Alleles by Locus

Run statistics Thistable provides the actua run-time (in seconds) of the validation
process.

4.3.3 Pypop Input Data File

The ImmPort’ sHLA QC pipeline generates the input data file for the PyPop tool from
the disambiguated output specified in Section 4.3.1. Theinput to the PyPop tool is either as
genotypes, or in an alele count format, depending on the format of your data. The filename for
the input file generated for the PyPop tool isin the following format: “Task#.allele.pypop.txt”.

Note that for genotype data, each locus corresponds to two columns in the Pypop input
file Thelocus nameis repeated with a suffix suchas_1, 2 (the default). Although PyPop needs
this distinction to be made, phase is NOT assumed, and if known it isignored.

populat id a_1 a_2 c_1 c_2 b1 b2
UchiTelle UTS00-23 wxws +xxx 0102 02025 1301 18012
UchiTelle OTS00-24 0101 0201 0307 0605 1401 329021
UchiTelle OTS00-25 0210 03012 0712 0102 1520 1301
UchiTelle OTS00-26 0101 0218 0204 1202 32350%1 4005
UchiTelle OT%10-01 2501 0201 1507 0307 51012 1401
UchiTelle OTS%10-02 0210 3204 1201 0102 78021 13201
UchiTelle OTS%10-032 03012 3204 1507 0605 51013 25021

Figure10 Multi-locus allele-level HL A genotype data with sample infor mation

This example shows adatafile that has non-allele data in some columns; namely,
population (populat) and sample identifiers (id).

The default value for untyped or missing datais a series of four asterisks (****) as
specified by the Pypop ini-configuration file.

For individuals who were not typed at al loci, the datain loci for which they are typed
will be used on al single-locus analyzes for that individual and locus, so that you see the value
of the number of individuals (n) vary from locus to locus in the output. Theseindividuals data
will aso be used for multi-locus analyzes. Only the loci that contain no missing data will be
included in any multi-locus analysis.

If anindividual isonly partially typed at alocus, it will be treated as if it was completely
untyped, and datafor that individual for that locus will be dropped from all analyzes.
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4.3.4 Pypop Result Files

A successful PyPop run will produce two output files: “ Task#.allele.pypop-out.txt” and
“Task#.allele.pypop-out.xml”. The XML file, “Task#.allele.pypop-out.xml”, isthe primary

result output created by PyPop, and the human-readable file, “Task#.allele.pypop-out.txt”, isa
text summary of theresults. Thistext summary is discussed below.

4.34.1 Population Summary

A population summary is generated for each dataset analyzed. This summary provides
basic demographic information and summarizes information about the sample size.

Populaticon Summary

Populaticn Mame: UchiTelle
Lab code: USAFEL
Typing method: 12th Workshop 330P
Ethnicity: Telle
Continent: MW Lsia
Collectieon 2ite: Targen Village
Latitude: 41 deg 12 min N
Longitude: 94 deg 7 min E

Population Totals

Sample Size (n): 47
Ellele Count (2n): 94
Total Loci in file: 2
Total Loclil with data: B

Figurell Sample output for the population summary

4.3.4.2 Single Locus Analyzes

BasicAllele Count Information

Information relevant to individual loci is reported. Sample size and alele counts will
differ among loci if not all individuals were typed at each locus. Untyped individuals are those
for which one or two alleles were not reported. The alleles are listed in descending frequency
(and count) in the left hand column, and are sorted numerically in the right column. The number
of distinct aleles‘k’ isreported.
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I. 3ingle Locus Analyses

1.1. Rllele Counts [A]
Untyped individual=: 2
Sample Size (n): 45

Allele Count (2n): 20
Distinct alleles (k): 10

Counts crdered by frequency Counts crdered by name

|

Hame Frecuency (Count) | Mame Frequency (Count)
0z01 0.21111 19 | 0101 0. 13333 12
0301 0.15556 14 | 0Z01 0.21111 19
0101 0.13333 12 | 0210 Q.10000 9
2501 0.12222 11 | 0218 0.10000 9
0210 0.10000 9 | 0301 0.15558 14
0218 a.10000 9 | 2501 0.12222 11
3z04 0.0888% 2 | 3Z04 0.0828%5 2
6901 0.04444 4 | 6814 0.03333 B
6814 0.03333 3 | 6901 0.04444 4
T403 0.01111 1 | 7403 0.01111 1
Total 1.00000 a0 | Total 1.00000 D]

Figure12 Single locus analyzes— basic locus infor mation sample output

In the cases where there is no information for alocus, a message is displayed indicating
lack of data.

Chi-square Test for Deviation from Hardy-Weinberg Proportions (HWP)

For each locus, the observed genotype counts are compared to those expected under
Hardy Weinberg proportions (HWP). A triangular matrix reports observed and expected
genotype counts. If the matrix is more than 80 characters, the output is split into different
Sections. Each cell contains the observed and expected number for a given genotypein the
format observed/expected.

6.2, HardyWeinberg [DQAL]

Takle of genctypes, format of each cell is: chserved/expected.
0201 8/5.1
0301 4/4.0 1/0.8
0401 3/6.9 1/72.7 E/2.3
0501 8/9.9 5/3.8 B/6.7 &/4.8
0201 0301 0401 0501

[Colzs: 1 to 4]

Figure13 Single locus analyzes— Sample output of Hardy-Weinberg genotype table

The valuesin this matrix are used to test hypotheses of deviation from HWP. The output
also includes the chi-square statistic, the number of degrees of freedom and associated p-value
for anumber of classes of genotypes and is summarized in the following table:
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Cheerved Expected Chi-square DoF p-value
Comman WA /A 4,65 1 0.0310« O
Lumped genctypes H/R WiR 1.17 1 0.z2797 O
Commen + lumped H/R Wik E.B2 1 0.0158. O
A1l homozvgotes 21 13.01 4,491 1 0.0268« O
Ell heterczygotes 26 33,99 1.88 1 0.1706 O
Commeon heterszyvgotes by allele (s}
nzn1 15 20.78 1.61 0.2050
0201 10 10.47 0.0z 0.8850
n4n1 9 16.31 3,28 0.0703
0501 12 20.43 0.29 0.5915
Common genctypes 7}
0201:0201 g .11 1.63 0.2014
0201:0401 3 G.93 2.23 0.1358
0201:0E501 2 9.89 0,36 0.5472
0401:0E501 5 G6.70 0.43 0.510%
Total 24 28,63

Figure14 Single locus analyzes— Sample output of Hardy-Weinber g genotype classes
Explanation of each genotype class

1. Common:
The result for goodness of fit to HWP using only the genotypes with at least
lumpBelow expected counts (the common genotypes) (in the output shown
throughout this examplelumpBelow is equal to 5).

If the dataset contains no genotypes with expected counts equal or greater than
lumpBelow, then there are no common genotypes and the following message is
reported: “No common genotypes; chi-square cannot be cal cul ated”

The analysis of common genotypes may lead to a situation where there are fewer
classes (genotypes) than allele frequencies to estimate. This means that the
analysis cannot be performed (degrees of freedom < 1). In such a case, the
following message is reported that explains why the analysis cannot be
performed: “ Too many parameters for chi-square test”

To obviate this as much as possible, only alleles which occur in common
genotypes are used in the calculation of degrees of freedom.

2. Lumped genotypes
The result for goodness of fit to HWP for the pooled set of genotypes that
individually have lessthan lumpBel ow expected counts.

August 17, 2009 44 Version 1.0



NORTHROFP GRUMMAN

- - SFVT Analysis User Guide

~ Information Technology

The pooling procedure is designed to avoid carrying out the chi-square goodness
of fit test in cases where there are low expected counts, which can lead to spurious
rejection of HWP. However, in certain cases it may not be possible to carry out
this pooling approach. The interpretation of results based on lumped genotypes
will depend on the particular genotypes that are combined in this class.

If the sum of expected counts in the lumped class does not add up to lumpBel ow,
then the test for the lumped genotypes cannot be calculated and the following
message is reported: “ The total number of expected genotypesislessthan 5”

This may by remedied by combining rare alleles and recal culating overall chi-
square value and degrees of freedom. (This requires appropriate manipulation of
the data set by hand and is not afeature of PyPop).

3. Common + lumped:
The result for goodness of fit to HWP for both the common and the lumped
genotypes.

4. All homozygotes
The result for goodness of fit to HWP for the pooled set of homozygous
genotypes.

5. All heterozygotes
The result for goodness of fit to HWP for the pooled set of heterozygous
genotypes.

6. Common heterozygotes:
The common heter ozygote by allele Section summarizesthe observed and
expected number of counts of all heterozygotes carrying a specificalele

withexpected value> lumpBelow.

7. Common genotypes.
The common genotypes by genotype Section lists observed, expected, chi-square

and p-values for all observed genotypes with expected values > | umpBelow.
4.3.4.3 Mulit-locus Analyzes

Haplotype frequencies are estimated using the iterative Expectation-Maximization (EM)
algorithm ([Dempster:1977]; [Excoffier:Slatkin:1995]). Multiple starting conditions are used to
minimize the possibility of local maxima being reached by the EM iterations. The haplotype
frequencies reported are those that correspond to the highest logarithm of the sample likelihood
found over the different starting conditions and are labeled as the maximum likelihood estimates
(MLE).

The output provides the names of loci for which haplotype frequencies were estimated,
the number of individual genotypes in the dataset (before-filtering), the number of genotypes that
have data for all loci for which haplotype estimation will be performed (after-filtering), the
number of unique phenotypes (unphased genotypes), the number of unique phased genotypes,
the total number of possible haplotypes that are compatible with the genotypic data (many of
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these will have an estimated frequency of zero), and thelog-likelihood of the observed genotypes
under the assumption of linkage equilibrium.

All Pairwise LD

A series of linkage disequilibrium (LD) measures are provided for each pair of loci. We
report two measures of overall linkage disequilibrium. D’ [Hedrick:1987] weights the
contribution to LD of specific alele pairs by the product of their allele frequencies, Wn
[Cramer:1946] is are-expression of the chi-square statistic for deviations between observed and
expected haplotype frequencies. Both measures are normalized to lie between zero and one.

D’ Overdl LD, summing contributions (D’ij = Dij / Dmax) of al the haplotypesin a
multi-allelic two locus system, can be measured using Hedrick’s D’ statistic, using the products
of alele frequencies at the loci, p and g, as weights.

H = E E -?-"'if]'_r' |Hﬁ_f|

=]_|'=|_

IT. Multi-locus Analyses

Haplotype/ linkage disequlibrium (LD) statistics

Pairwise LD estimates

Locus palr or Wn In{L_1) IniL_0) S # permu p-value
A:C 0.4%229 0.39472 -289.09 -326.81 75. 44 1000 0.8510
A:B 0.5083% 0.40145% -293.47 -330.832 74.73 1000 0.8730
A:DRE1 0.44304 0.37671 -282.00 -309.16 54,32 1000 0.7540
A:DCAL 0.29%361 0. 34239 -257.94 -265.88 23.88 1000 0.9020
A:DCBEL 0.3%266 0. 374395 -275.53 -297.61 44.07 1000 0.8140
A:DPAL 0.31210 0.37987 -203.89 -206.599 6. 21 1000 0.82840
A:DPBEL 0.42241 0.40404 -237.84 -262.05 48,42 1000 0.5930
C:B 0.8873% 0.85752 -210.36 -342.68 264,63 1000 O.0000%«+
C:DRBL 0.4804& 0.47513 -280.34 -317. 65 74.62 1000 0.2140
C:DoAL 0.42257 0.43869 -250.38 -276.72 B2.73 1000 0.0370=
C:DQBL 0.45733 0.49879 -269.54 —305.27 71.46 1000 0.0580
C:DPAL 0.37214 0.46870 -208.99 -215. 28 12.74 1000 0.7450
C:DPBL 0.46436 0. 36984 -242.45 -268.45 52.01 1000 0.6290
E:DFRE1 0.5025% 0.41712 -286.79 -320.50 67.42 1000 0.4140
E:DQAL 0.41441 0.42844 -259.86 -279.56 39.40 1000 0.3880
E:DCBEL 0.4%040 0. 43654 —277.29 -308.12 61,65 1000 0.2870
E:DPAL 0.2%272 0. 38831 -213.43 -218.01 .14 1000 0.8730
E:LEPEL 0.46082 0. 328001 -247.83 -272.77 43, 86 1000 0.7320
DREL:DQAL 0.91847 0.91468 -164.06 -254.54 180, %6 1000 O.0000%«+
DEE1:DCB1 1.00000 1.00000 -147.73 -283.0% 270.72 1000 O.0000+++

Figure15 Multilocus analyzes— Sample output of all pairwise LD

Wn Also known as Cramer’s V Statistic [Cramer:1946], Wn, is a second overall measure
of LD between two loci. It isare-expression of the Chi-square statistic, XLD2, normalized to be
between zero and one.
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When there are only two alleles per locus, Wn is equivaent to the correlation coefficient
between the two loci, defined as r =VD11/(p1p2010p).

For each locus pair the log-likelihood of obtaining the observed data given the inferred
haplotype frequencies [In(L_1)], and the likelihood of the data under the null hypothesis of
linkage equilibrium [In(L_0)] are given. The statistic Sis defined as twice the difference between
these likelihoods. S has an asymptotic chi-square distribution, but the null distribution of S is
better approximated using a randomization procedure. The empirica distribution of S is
generated by shuffling genotypes among individuals, separately for each locus, thus creating
linkage equilibrium (# permu indicates how many permutations were carried out). The p-valueis
the fraction of permutations that results in values of S greater or equal to that observed. A p-
value < 0.05 isindicative of overall significant LD. Individual LD coefficients, Dij, are stored in
the XML output file, but are not printed in the default text output.

Haplotype frequency estimation

Haploctype frequency est. for loci: A:B:DRE1L

Humber of individuals: 47 (before-filtering)

Humber of individuals: 45 (after-filtering)

Unique phenctypes: 45

Unique genctypes: 113

HNumbker of haplotypes: 188

Loglikeliheod under linkage ecuilibrium [lo(L_0)]: -472. 700842
Loglikelihood cbhtained wia the EM algorithm [In(L_1)]: -240.676530
Humber of iteraticons before convergence: 67

Figure 16 Multi-locus analyzes — Sample output of haplotype estimation parameters

The estimated haplotype frequencies are sorted a phanumerically by haplotype name (left
side), or in decreasing frequency (right side). Only hapl otypes estimated at a frequency of
0.00001 or larger are reported. Thefirst column gives the allele names in each of the threeloci,
the second column provides the maximum likelihood estimate for their frequencies, (frequency),
and the third column gives the corresponding approximate number of hapl otypes (#copies).
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Hapletypes sorted by name Hapletypes scorted by frequency

|
haplotype frecquency # copies | haplotype frequency # coples
0101:1301:0402: 0.02222 2.0 | 0201:1401:0402: 0.03335 3.0
0101:1301:1101: 0.01111 1.0 | 3204:1401:0802: 0. 03333 3.0
0101:1401:0%01: n.01111 1.0 | 0301:1401:0407: 0.03333 3.0
0101:1520:0802: 0n.01111 1.0 | 0301:1301:0402: 0.03333 3.0
0101:1801:0407: n.01111 1.0 | 0201:1401:1101: 0.03332 3.0
0101:3902:0404: n.01111 1.0 | 0301:1520:0802: 0.02222 2.0
0101:3902:1602: 0.01111 1.0 | 0101:4005:0802: 0.02222 2.0
0101:4005:0802; 0.02222 2.0 | 0301:2902:0402: 0.02222 2.0
0101:8101:0802: 0.01111 1.0 | 0201:1301:1602: 0.02222 2.0
0101:8101:1602: n.01111 1.0 | 0218:1401:0404: 0.02222 2.0
0201:1301:1602: 0.02222 2.0 | 0210:5101:1602: 0.02222 2.0
0201:1401:0402: 0.03335 3.0 | 0218:1401:1602: 0.02222 2.0
0201:1401:0404: n.01111 1.0 | 0101:1201:0402: 0.02222 2.0
0201:1401:0407: 0.02222 2.0 | 2501:4005:0802: 0.02222 2.0
0201:1401:0802: n.01111 1.0 | 2501:1301:0802: 0.02222 2.0

Figurel17 Multi-locus analyzes — Sample output of estimated haplotype frequencies
4.3.5 Pypop Summary

The Pypop summary file, Allelepypop_summary_L og.log, contains the following
informational tables occurring in the summary file in the order specified in Table 20,
“Informational Tablesin PyPop Summary”. These tables describe the results of the PyPop run.

Table 20, Informational Tables in PyPop Summary

Table Name Description

Version information Thistables contains the following information:

I Versions of the source data utilized in validating the input
aleles

ii. Version of the vector file generator tool

iii. Start time of the task

PyPop Configuration Contents of PyPop ini-configuration files (see Section 4.2)

(ini) File

Results of PyPop Data Pypop analysis results read from the XML result file,

Analysis Task#.alele.pypop-out.xml, (see Section 4.3.4)
Run statistics Thistable provides the actual run-time (in seconds) of the validation
process.
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APPENDIX A HLA FILE CONTENT FORMATS

This Appendix illustrates acceptable formats for the HLA Typing Result data file formats.
Currently, the formats include: ImmPort HLA Typing Result template.

A.1 HLA TYPING RESULTS TEMPLATE

The HLA Typing Result Template format is prescribed by the ImmPort upload system as
the format for accepting HLA typing results. The format isillustrated in Table A.1, “HLA
Typing Result Template Format”. Thetemplateuses” Allele1” and “ Allele 2” to refer to the
allele types at the homol ogous chromosomes.

Table A.1, HLA Typing Result Template Format

HLA Typing
Results

Please do
not delete or
edit this
column

Column Experime | HL HL HL

Name nt Sample | A-A | A-A | A-B
User- Alle | Alle | Alle
Defined lel |le2 |lel
ID*

HL HL HL HLA- HLA- HL HL HL HL HLA- HLA- HLA-
A-B | AC | A-C | DRB1 | DRB1 | A- A- A- A- DQAl1l | DQA1 | DQB1
Alle | Alle | Alle | Alledle | Allde | DP DP DP DP Allde | Allde | Allde
le2 |lel |le2 1 2 Al Al B1 B1 1 2 1

Alle | Alle | Alle | Alle
lel le2 lel le2

HLA-
DQB1
Allde

3600 0101 0301 - - - - 0101 0501 0501 0201
3601 0701 1501 - - - - 0102 0201 0602 0201
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A.2 CustoM HLA TYPING RESULTS

The HLA Typing Results can be uploaded using the user’ s custom formats as specified in
Table A.2, “Custom-HLA Typing Result Template Format”. The following format rules need to

be observed:

typing filewith phenotypes’

homol ogous chromosomes

. Thefirst row contains the following name in the first column: “Custom HL A

. First column of the header row contains the record IDs and is named “1D”
iii. Allele datacolumns are indicated by the full HLA gene name, e.g. HLA-DRB1
. Thetemplate uses the suffixes“a” and “b” to refer to the allele types at the

Therest of the columns are interpreted as the phenotype columns
Table A.2, Custom-HLA Typing Result Template Format

Custom

HLA

typing file

with

phenotypes

ID Gender Status Race Skin_Type | ANA HLA- HLA- HLA- HLA-
DRBla DRB1b DQAla DQA1b

30247 2 20 30 2 1 1301 0404 0103

980361 2 20 30 2 1 1501 0301 0102

980554 2 20 30 1 2 0101 1403 0101

980866 2 20 60 . 1 1501 0802 0102

950437 2 20 60 1 1 1301 1402 0103

890225 2 20 30 1 1 0403 0801 0401

990720 2 20 30 2 1 1101 0301 0501

APPENDIX B VALIDATION PIPELINE ERROR MESSAGES

Thereis severa error categories defined for the vdidation pipeline. These categories are
defined by a numeric range as followsin Table B.1, “Error Message Categories”. Errors
messages for each category are specified in the Subsections below. Thenotation,*  N__ 7,
represents the position of the explicit value for a given error.

Table B.1, Error Message Categories

Allele Validator 100000
Allele Disambiguator 500000
Allele 600000
Lookup Tables Manager 900000
PyPop Runner 1000000
Tools -3000
HLA File -1008000
HLA File Converter -1009000
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B.1 ALLELE VALIDATOR ERRORS

The Allele Validator error messages are specified in Table B.2, “Allele Validation Error
Messages’. These errors are not immediately fatal since they are registered (written to the log-
file and counted). Anyone of these error messages will causevalidation to ultimately fail at the
end of the validation processing step.

Table B.2, Allele Validation Error Messages

Message Number | Error Message

Al'l el e cell conponent has an even (2) nunber of digits

100005 cell conp = 1
Allele cell conponent is a gcode with odd-nunber of digits
locus_nanme = 1
100006 cell comp = _2
type = _ 3
Allele cell conponent is an NVDP code w thout two-digits
locus_name = __ 1
100007 cell comp =_2
type = _3
Al lele cell conmponent has an odd (1 or 3) nunber of digits
100008 cell comp = 1
Al lele cell component is a serol ogi cal conponent
100009 Cell conmp = 1
First NVDP 4-digit code has different first 2-digits than cell
cel | = 1
100010 cell digits = __ 2
Nmdp dat a =(_3 )
CGcode is not in the recognized list of gcodes
100011 Cell = 1 9 g
Allele cell Enponent has a locus prefix and two digits
100012 Cel | comp = _ 1
Allele cell conponent not found in current alleles
100013 locus = 1
Comp = _ 2
Allele cell conmponent not found in current alleles, but
its first 3__digits are present for alleles in |ocus
100014 Tocus = 1 0 P
conp = _2
Allele cell conponent has odd-number of digits and is not changed
100015 locus = 1
conp = _ 2
Al lele cell skipped, since main conponent is full name with
100017 an odd (1 or 3) nunber of digits
cell comp=__1
All el e cell skipped, since serological alleles cannot have an allele suffix
100018 cell conp = _prln_ ’
Allel e cell skipped, since cell contains nultiple serological alleles
100019 cel | =_1
main comp = __ 2
Allele cell skipped, since multi-allele cell contains a gcode
cel | = 1
100021 cell type = _ 2
main conp = 3
Al'l el e cell conponent has been del eted, but not replaced
100022 comp = 1 P P
Milti-allele cell contains an NVDP code
100023 conp = _1_
Milti-allele cell contains a gcode
100024 comp = 1
Al lele cell skipped, since nulti-allele cell contains an NVDP code
cel | = 1
100025 cell type = _ 2
main comp = _ 3
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B.2 TooLS ERRORS

Toolserrors are always fatal. TableB.3, “Tools Error Messages’ provides the specific

Error messages.

Table B.3, Tools Error Messages

Message Number | Error Message

Cannot add error nessages and categories for class
-3001 class = __1__
errvsg = 2
Cannot Find _ 3__
name = __ 1
-3002 lib = _2
type = 3__
item=_ 4
M ssing property
-3003 property file = 1
property = 2
Cannot set execution focus
-3004 executionDir = 1
Error executing tool
-3005 mg = _1__
cmd = 2
Unknown st at us
-3006 status = 1
Unabl e to open status file for witing
-3007 status file = 1
Unabl e to open status file for reading
-3008 status file = __ 1
Cannot eval uate string
-3009 eval _status = __1__
eval str = 2
Datumis not set
-3010 datumtype = _ 1
Datum i s not constant
datumtype = _ 1
-3011 old datum = _2__
new datum = 3
Unknown t ool nane
-3012 tool nanme = __ 1
Unknown pi peline type
-3013 pipeline type = 1
MHC Fil e Type unknown
-3101 mhcFil eType = 1
MHC Reader Type unknown
-3102 mhcReader Type = 1
MHC Cbj ect Type unknown
-3103 object Type = 1
Unknown file type (not tab-separated, '.txt', nor Excel
-3104 spreadsheet '.xls")
file=_1 _
Cannot open and wite to file type file
-3105 file type file = 1
Cannot determne HLA file type for file
-3106 file = 1 7P
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B.3 HLA FILE ERRORS

HLA File errors are dways fatal. TableB.4, “HLA Error Messages® provides the specific error
messages

Table B.4, HLA File Error Messages

Message Number @ Error Message

HLA Locus Nane is not defined for taxon

-1008001 | ocus_name = __1__
taxon_id = 2
File type incorrect or did not find | ocus nanes
file type = 1
-1008002 file type checked = _ 2
header val = _ 3
header val checked = 4

Filenane is not tab-separated (ie, suffix '.txt")

-1008003 source = __ 1
file = _2 _

Error opening tab-separated file to wite data
1008004 source = _1__
file =_2
Unknown file type
-1008005 file type = 1

B.4  ALLELE ERRORS

The Allele error messages are specified in Table B.5, “Allele Error Messages’. These
errors are not immediately fatal since they are registered (written to the log-file and counted).
Anyone of these error messages will cause the either validateAlleles.pl or
disambiguateAlleleNames.pl script to ultimately fail at the end of the processing step.

Table B.5, Allele Error Messages

Message Number | Error Message

Validated file is not tab-separated (.txt
600001 |+ dated £l P (- txt)
Al'l el e cell conponent does not conform expected syntax
600002 locus_name = __ 1
cell comp = 2
All el e cell conponent does not have an expected type
600003 locus_name = _ 1
cell comp = 2
Allele cell component does not conformto expected |length
| ocus_nane = _1
600004 cell comp = 2
Dgit length = 3
Al lele cell skipped, since cell has syntax errors
600005 cel | =_ 1
cell type =

B.5 HLA FILE CONVERTER ERRORS

The HLA File Converter error messages are specified in Table B.6, “HLA File Converter
Error Messages’. These errors are not immediately fatal sincethey are registered (written to the
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log-file and counted). Anyone of these error messages will cause the preProcessAlleleNames.pl
or runPyPop.pl script to ultimately fail at the end of the processing step.

Table B.6, HLA File Converter Error Messages

Message Number | Error Message

The source hla reader not of the correct class type (file::H a)

-1009001 source reader type = 1
Destination hla file type is neither HLA Typing Tenpl ate
-1009002 nor PyPop
dest _type = 1
Fil enane is not tab-separated (ie, suffix '.txt")
-1009003 source = __ 1
file =_2 _
Error opening tab-separated file to wite data
-1009004 source = __ 1
file = _2
Col um Pair Does not have the sane | ocus
col_1 = _1
-1009005 locus_1 = _2__
col _2 = _ 3
locus_2 = __ 4

B.6 LookuP TABLE MANAGER ERRORS

The Lookup Table Manager errors are specified in Table B.7, “Lookup Table Manager
Error Messages’. These errors are not immediately fatal since they are registered (written to the
log-file and counted). Anyone of these error messages will cause the prevalidateAlleleNames.pl
or disambiguateAlleleNames.pl script to ultimately fail at the end of the processing step.

Table B.7, Lookup Table Manager Error Messages

Message Number | Error Message
Cannot instantiate | ookup table object
eval _status

900001 eval _str 2

B.7 ALLELE DISAMBIGUATOR ERRORS

The Allele Disambiguator error messages are specified in Table B.8, “Allele
Disambiguation Error Messages’. These errors are not immediately fatal since they are
registered (written to the log-file and counted). Anyone of these error messages will cause
disambiguationto ultimately fail at the end of the disambiguation processing step.

Table B.8, Allele Disambiguation Error Messages

Message Number \ Error Message

500001 gcgggd:as:n.otf n the recogni zed. I'ist .of gcodes

500002 Nl\/rli)::dgoggdfes.:notll n .the recogni zed I|s.t of NMDP c.odes
500003 Oeéérgog(t)g;m:ng_?u_ltl ple alleles contains serol ogical code
500004 Ce[[':rdgogggénlzng_gu_ltl ple alleles contains an NVDP code
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Message Number \ Error Message

gcodes
cwd alleles

rare alleles

Cell containing nultiple alleles contains a gcode
500005 gcode = 10 P g
Cell containing multiple alleles contains nore than one gcode
and/or cwd allele
al l el es
500006 cell returned

o mnnn
AN
o-||4>|co|m||—\

B.8 PYPoOP RUNNER ERRORS

The PyPop Runner error messages are specified in Table B.9, “PyPop Runner Error
Messages’. These errors are not immediately fatal since they are registered (written to the log-
file and counted). Anyone of these error messages will causethe execution of the PyPop tool to

ultimately fail to execute.

Table B.9, PyPop Runner Error Messages

Message Number | Error Message

Error opening pypop config file
1000001 pypop file = _1
config file = __ 2
PyPop config category missing
1000002 category o 1o
Pop property is not defined correctly the properties
1000003 Py '
property = 1
pypopCat egories is not a Perl referenced hash
1000004 property = 1
val ue = 2
1000005 Header row has not been set
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